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With cardiovascular diseases being among the main causes
of death in the world, quantitative modeling, assessment and
monitoring of cardiovascular dynamics, and functioning play a
critical role in bringing important breakthroughs to cardiovas-
cular care. Quantiﬁcation of cardiovascular physiology and its
control mechanisms from physiological recordings, by use of
mathematical models and algorithms, has been proved to be of
important value in understanding the causes of cardiovascular
diseases and assisting the diagnostic and prognostic process. This
E-Book is derived from the Frontiers in ComputationalPhysiology
and Medicine Research Topic entitled “Engineering Approaches
to Study Cardiovascular Physiology: Modeling, Estimation and
Signal Processing.” Its goal is to bring established experts together
in order to present a sample of state-of-the-art studies in cardio-
vascularphysiology,andto give ageneralideaofthe verydifferent
approaches that can be adopted to answer the research challenges
posed by the varied, complex nature ofthe cardiovascularsystem.
This book presents 10 contributions, in the form of review and
original research articles.
There are two review articles. The ﬁrst review article by
Chen et al. (2012) presents a uniﬁed point process probabilistic
framework to assess heart beat dynamics and autonomic car-
diovascular control. Using clinical recordings of healthy subjects
during Propofol anesthesia, the authors demonstrate the effec-
tiveness of their approach by applying the proposed paradigm
to estimate instantaneous heart rate (HR), heart rate variability
(HRV), respiratory sinus arrhythmia (RSA) and baroreﬂex sen-
sitivity (BRS). The second review article, contributed by Zhang
et al. (2011), provides a comprehensive overview of tube-load
model parameter estimation for monitoring arterial hemody-
namics. The authors discuss the motivation, assumption and
validity of the proposed tube-load model, and summarize vari-
ous estimation techniques and their experimental results, as well
as potential applications.
The remaining eight original research articles can be mainly
classiﬁed into two categories. The two articles from the ﬁrst cate-
gory emphasize modeling and estimation methods. In particular,
the paper “Modeling the autonomic and metabolic effects of
obstructive sleep apnea: a simulation study” by Cheng and Khoo
(2012), combines computational modeling and simulations to
study the autonomic and metabolic effects of obstructive sleep
apnea (OSA). The second paper, “Estimation of cardiac output
and peripheral resistance using square-wave-approximatedaortic
ﬂow signal” by Fazeli and Hahn (2012), presents a model-based
approach to estimate cardiac output (CO) and total peripheral
resistance (TPR), and validates the proposed approach via in vivo
experimental data from animal subjects.
The six articles in the second category focus on application of
signal processing techniques and statistical tools to analyze car-
diovascular or physiological signals in practical applications. the
paper “Modulation of the sympatho-vagal balance during sleep:
frequency domain study of heart rate variability and respira-
tion” by Cabiddu et al. (2012), uses spectral and cross-spectral
analysis of heartbeat and respiration signals to assess autonomic
cardiacregulation and cardiopulmonarycouplingvariations dur-
ing different sleep stages in healthy subjects. the paper “increased
non-gaussianity of heart rate variability predicts cardiac mortal-
ity after an acute myocardial infarction” by Hayano et al. (2011)
uses a new non-gaussian index to assess the HRV of cardiac mor-
tality using 670 post-acute myocardial infarction (AMI) patients.
the paper “non-gaussianity of low frequency heart rate variability
and sympathetic activation: lack of increases in multiple system
atrophy and parkinson disease” by Kiyono et al. (2012), applies
a non-gaussian index to assess HRV in patients with multiple
system atrophy (MSA) and parkinson diseases and reports the
relation between the non-gaussian intermittency of the heart-
beat and increased sympathetic activity. The paper “Information
domain approach to the investigation of cardio-vascular, cardio-
pulmonary, and vasculo-pulmonary causal couplings” by Faes
et al. (2011), proposes an information domain approach to eval-
uate nonlinear causality among heartbeat, arterial pressure, and
respiration measures during tilt testing and paced breathing
protocols. The paper “integrated central-autonomic multifractal
complexity in the heart rate variabilityofhealthy humans”byLin
andSharif(2012), uses a relative multifractal complexity measure
to assess HRV in healthy humans and discusses the related impli-
cationsincentral autonomicinteractions. Lastly,the paper“Time
scales of autonomic information ﬂow in near-term fetal sheep”
by Frasch et al. (2012), analyzes the autonomic information ﬂow
(AIF) with kullback–leiblerentropy in fetal sheep as a function of
vagal and sympathetic modulation of fetal HRV during atropine
and propranolol blockade.
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In summary, this Research Topic attempts to give a general
panorama of the possible state-of-the-art modeling methodolo-
gies, practical tools in signal processing and estimation, as well as
several important clinical applications, which can altogether help
deepen our understanding about heart physiology and pathology
and further lead to new scientiﬁc ﬁndings. We hope that the read-
ership of Frontiers will appreciate this collected volume and enjoy
reading the presented contributions. Finally, we are grateful to all
contributed authors, reviewers, and editorial staffs who had all
put tremendous effort to make this E-Book a reality.
REFERENCES
Cabiddu, R., Cerutti, S., Viardot,
G., Werner, S., and Bianchi, A.
M. (2012). Modulation of the
sympatho-vagal balance dur-
ing sleep: frequency domain
study of heart rate variability
and respiration. Front. Physio.
3:45. doi: 10.3389/fphys.2012.
00045
C h e n ,Z . ,P u r d o n ,P .L . ,B r o w n ,E .
N., and Barbieri, R. (2012). A
uniﬁed point process probabilis-
tic framework to assess heartbeat
dynamicsandautonomic cardiovas-
cular control. Front. Physio. 3:4. doi:
10.3389/fphys.2012.00004
Cheng, L., and Khoo, M. C. K.
(2012). Modeling the autonomic
and metabolic effects of obstruc-
tive sleep apnea: a simulation
study. Front. Physio. 2:111. doi:
10.3389/fphys.2011.00111
F a e s ,L . ,N o l l o ,G . ,a n dP o r t a ,A .
(2011). Information domain
approach to the investigation
of cardio-vascular, cardio-
pulmonary,andvasculo-pulmonary
causal couplings. Front. Physio.
2:80. doi: 10.3389/fphys.2011.
00080
Fazeli, N., and Hahn, J.-O. (2012).
Estimation of cardiac output
and peripheral resistance using
square-wave-approximated aor-
tic ﬂow signal. Front. Physio.
3:298. doi: 10.3389/fphys.2012.
00298
Frasch, M. G., Frank, B., Last, M.,
and Müller, T. (2012). Time
scales of autonomic informa-
tion ﬂow in near-term fetal
sheep. Front. Physio. 3:378. doi:
10.3389/fphys.2012.00378
Hayano, J., Kiyono, K., Struzik, Z.
R., Yamamoto, Y., Watanabe,
E., Stein, P. K., et al. (2011).
Increased non-gaussianity of
heart rate variability predicts
cardiac mortality after an acute
myocardial infarction. Front. Physio.
2:65. doi: 10.3389/fphys.2011.
00065
K i y o n o ,K . ,H a y a n o ,J . ,K w a k ,S . ,
Watanabe, E., and Yamamoto,
Y. (2012). Non-Gaussianity
of low frequency heart rate
variability and sympathetic
activation: lack of increases in
multiple system atrophy and
Parkinson disease. Front. Physio.
3:34. doi: 10.3389/fphys.2012.
00034
Lin, D. C., and Sharif, A. (2012).
Integrated central-autonomic
multifractal complexity in
the heart rate variability of
healthy humans. Front. Physio.
2:123. doi: 10.3389/fphys.2011.
00123
Zhang, G., Hahn, J., and Mukkamala,
R. (2011). Tube-load model
parameter estimation for
monitoring arterial hemo-
dynamics. Front. Physio.
2:72. doi: 10.3389/fphys.2011.
00072
Received: 25 September 2012; accepted:
18 October 2012; published online: 05
November 2012.
Citation: Chen Z and Barbieri R (2012)
Editorial: engineering approaches to
study cardiovascular physiology: mod-
eling, estimation, and signal processing.
Front. Physio. 3:425. doi: 10.3389/fphys.
2012.00425
This article was submitted to Frontiers
in Computational Physiology and
Medicine, a specialty of Frontiers in
Physiology.
Copyright © 2012 Chen and Barbieri.
This is an open-access article dis-
tributed under the terms of the Creative
Commons Attribution License,w h i c h
permits use, distribution and reproduc-
tion in other forums, provided the origi-
nal authors and source are credited and
subject to any copyright notices concern-
ing any third-party graphics etc.
Frontiers in Physiology | Computational Physiology and Medicine November 2012 | Volume 3 | Article 425 | 2